This study aimed to verify whether the incidence of frailty in elderly individuals is higher among those who are housebound than those who are not. This study found no correlation between elderly people's houseboundedeness and physical, mental, social, and overall frailty. However, the Tilburg Frailty Indicator (TFI) frailty score and grip strength value were higher in non-housebound elderly persons than in housebound elderly ones. This suggests that being housebound may lead to frailty. On the other hand, it is thought that individual interaction with family and friends, and lack of anxiety about falls correlates with the prevention of frailty in housebound elderly persons. The results of the study also suggest that the basic checklist may be effective for ascertaining the actual situation of housebound elderly people who may be manifesting frailty.
Introduction
The ageing rate in Japan has reached 26.0%, and is expected to increase in future 1) . As Japan faces the era of the super-aging society, extending the healthy life expectancy of elderly persons is an urgent matter.
Being housebound is one of the risk factors for requiring long-term care among healthy elderly persons. It refers to when a person's "range of activities in their daily life is virtually restricted to the indoors" 2) indicating a reduction in the spatial range of activity. Japan is unique in that this concept was incorporated long ago into approaches adopted to prevent the elderly from requiring nursing care. Therefore, houseboundedness among elderly people has been associated with an increase in physical activity and cognitive function disorders 3) , reduced social support 4) , and an increased need for nursing care 5) . On the other hand, it has been posited that frailty occurs at the stage preceding before elderly people's need for nursing care. Frailty is a dynamic state that can easily result in outcomes such as dysfunction in activities of daily living and ultimately death; the concept encompasses not only physical problems, but also mental and social problems [6] [7] [8] . Therefore, frailty is a threat to the extension of healthy life expectancy among elderly persons and indicates that the individual is in a state necessitating multi-faceted assistance 9) . In previous studies in Western countries, frailty has been defined in accordance with Fried's 10) ideas and measured using the Cardiovascular Health Study index (CHS index) [11] [12] [13] . The CHS index mainly focuses on physical characteristics; therefore, individual's weakened mental or social state cannot be evaluated through this index. Gobbens et al. defined frailty using a complex conceptual model including physical, mental/psychological, and social aspects 7) ; the Tilburg Frailty Indicator (TFI) 14) is an index based on this model. However, in Japan, frailty is a concept that has not yet gained full consensus. Therefore, to date, there has been little research in Japan evaluating frailty, based on comprehensive definition. Thus, in this research, we investigated frailty using the framework of the TFI. Along with comprehensive frailty, we investigated each of its constituents, namely physical, mental, and social frailty.
According to the conceptual model by Gobbens et al 7) , being housebound is not an aspect of frailty. Therefore, being housebound is thought to represent a situation different from that of frailty. However, the relationship between being housebound and frailty has ostensibly not been fully verified. This study aimed to verify whether the incidence of frailty in elderly individuals is higher among those who are housebound than who are not.
Methods

Survey target and survey method
Every year for 3 years from FY2015, a basic checklist was implemented for all elderly residents of different ages, starting from 65 years and the oldest (ages by every other 3 years: 65 years, 68 years to 95 years) in city A in Kyoto Prefecture, who had not applied for nursing care certification. The survey was conducted telephonically, and through post and home visits. The 10,964 respondents to the basic checklist in FY2015 were specified as the cohort. Among this group, respondents who had answered "No" to the question, "Do you leave the house once or more per week?" were defined as housebound and those who answered "Yes" were defined as non-housebound, based on Shinkai et al.'s definition of the former cocept 2) . The survey region was selected two residential areas with a largest number of housebound elderly persons from the six residential areas of city A, and housebound elderly individuals were randomly extracted from a total of 213 housebound elderly persons, then compared to those randomly selected from a total of 3434 non-housebound elderly persons. These two groups were matched in terms of gender and age (± 3 years), and the data were compared.
The study was explained verbally and in written form to individuals who consented to participation. The study target was 94 elderly individuals comprising 47 housebound and non-housebound elderly persons, irrespectively. Assessments were conducted using a self-reported questionnaire form. The researchers were accompanied by medical professionals from city A when conducting the survey and assessments. The survey period was from July to October 2016.
Surveyed items and assessment methods
Basic characteristics
The basic characteristics were age, gender, family structure, employment, residential duration, and educational history. Health status was based on medical history, current medical conditions, body mass index (BMI), blood pressure, Tokyo Metropolitan Institute of Gerontology Index of Competence (MTIG-IC) 15) , and lifestyle habits 16) . Blood pressure was measured during home visits.
Frailty 1) Presence of frailty
The index used for determining frailty is shown in Table  1 . If participants subscribed to any aspect of physical, mental, or social frailty listed on the table, then that he or she was deemed to "have overall frailty." (1) Physical frailty: Shinkai et al. used a modified frailty criterion 17) , based on the CHS index to determine physical frailty. Individuals to whom three or more of the following five criteria were applicable were identified as "having physical frailty." a) Weakness was evaluated with grip strength. Grip strength was measured twice, in the order of right, then the left grip; the larger value of each was adopted; the mean value was obtained and this figure was set as grip strength. Based on the determination criteria in a previous study 17) , a decrease in grip strength was determined as a grip strength of less than 29.0 kg in men aged 79 years or younger, less than 23.5 kg in men aged 80 years or older, less than 17.5 kg in women aged 79 years or younger, and less than 12.5 kg in women aged 80 years or older. b) Slowness was evaluated using the 2-step test. The essential standard for slowness is the time taken to walk 5 m. However, these measurements were taken in the subjects' homes. Therefore, since it was difficult to ensure subjects' safety, we used the 2-step test 18) , which has a significant positive correlation with the 10 m walk time. After performing warm-up exercises, the subject took two strides, which could be taken without losing their balance. This was then measured twice under proximal monitoring of the person taking the measurements, and the larger value was adopted. The person's height was also measured. The 2-step value is calculated by dividing the stride by the person's height (2-step value = stride [m]/height [m]). The determination criteria converted the value in a previous study 18) to the 2-step value, and "reduction in 2-step value" was set as a 2-step value of less than 0.98 in men aged 79 years or younger, less than 0.86 in men aged 80 years or older, less than 0.91 in women aged 79 years or younger, and less than 0.73 in women aged 80 years or older. c) Shrinking was set as "weight reduction" based on a weight reduction of 5% or more in the current body weight compared to the body weight stated on the basic checklist one year ago. d) Poor endurance and exhaustion were measured through responses to two questionnaire items, namely, "doing anything is bothersome" and "unable to concentrate on anything" 17) . Respondents who answered, "more than once or twice a week" were defined as "having exhaustion." e) Low activity was measured through responses to questions on the frequency of leisure activities involving physical activity and of performing housework 17) . Respondents who answered that they perform leisure activities less than once a week and no housework, that they performed housework, but almost no leisure activities, or that they almost never perform either leisure activities or housework, were defined as "having reduced activity level." (2) Mental frailty: There is no general scale used in Japan to determine mental frailty; so, mental frailty was determined based on the following mental frailty factors, as set out in the TFI: reduced cognitive function, depressive tendency, and poor stress coping mechanisms. Individuals fulfilling two of the following three were identified as "having mental frailty." a) The Japanese version of the Montreal Cognitive Assessment (MoCA-J) 18 ) was used to determine reduced cognitive function. Individuals with 25 or less out of 30 points were defined as "having reduced cognitive function." b) The Japanese Short GDS (GDS-S-J) 19 ) was used to determine depressive tendency. A score of 6 points or higher 20) indicated as "having depressive tendency." c) The rating scale developed by Ozeki was used to measure stress coping function 21) . This scale measures a person's behavior and thought processes in response to the strongest stressor, using 14 items. Individuals who did not achieve the median value of the total score (12 points/14 points) were defined as having "poor stress coping mechanisms." (3) Social frailty: There is no general scale used in Japan to determine social frailty; so, social frailty was determined with reference to the following social frailty factors set out in the TFI: living alone and social support. Individuals to whom either of the following 2 items were applicable were defined as "having social frailty". a) A person was defined as living alone when answering "No" to the question "Is there anyone currently living with you?" b) The Lubben Social Network Scale (LSNS-6-J) 22 ) was used to determine TFI social frailty. The score range was 0 to 30 and a score of less than 12 indicated as social isolation 22) .
2) TFI frailty
The above items only evaluate physical, mental, and social frailty individually. In this study, the TFI was used to determine overall frailty. The TFI frailty index is used to not only determine physical, mental, and social frailty, but also reduced visual acuity, hearing ability, and sense of balance. Reduced visual acuity and hearing ability were applied to respondents who answered "Yes" to the questions "Do you feel you have problems with your vision?" and "Do you feel you have problems with your hearing?". A reduced sense of balance was applicable to respondents who answered "Yes" or "Sometimes" to the question, "Do you feel you have problems with your balance?". The total score was calculated by allocating 1 point for each corresponding item, based on the TFI criteria 7) , and a person with a score of 6 or more was defined as "having TFI frailty."
Basic checklist
The basic checklist is a self-administered questionnaire used for identifying candidates for secondary prevention work, which is implemented by individual municipalities and is based on the Ministry of Health, Labour and Welfare Community Support project. This questionnaire included 25 items comprising the following seven domains: lifestyle (instrumental activities of daily living (IADL) / social activities), physical strength, nutritional status, oral function, being housebound, cognitive function, and depression risk 23) .
Analysis methods
The differences between the housebound group and nonhousebound group in terms of the incidence of physical, mental, and social and TFI frailty were verified through the McNemar test, and differences in the subscale scores were verified using the paired t-test.
Fisher's exact test and the Mann-Whitney U test were used to verify differences the housebound group and nonhousebound group with each type of frailty and the groups without frailty in terms of applicable items on the basic checklist. Duplicated items used to determine houseboundedness and frailty were excluded from analysis.
The statistical software IBM SPSS Statistics 22 was used for analysis, and statistical significance was set as less than 5%.
Ethical considerations
Explanations were provided to the study participants both verbally and in written form regarding the study aims and procedures, handling of personal information, benefits and disadvantages of participating in the study, respect for the participants' voluntary, research funding, compensation for harm to damage, possibility of secondary use of the survey data, and contact details for inquiries about the survey. Participants' willingness to participate in the study was One housebound and one non-housebound were pairly matched with age and gender. 1) McNemar test, 2) Paired t-test. *1 Physical frailty +: more than 3 items among 5 sub-items of physical frailty. *2 Deteriolation in grip power + : grip power; male (≤ 79 years old) < 29.0 kg, (≥ 80 years old) < 23.5 kg, female (≤ 79 years old)<17.5 kg, (≥ 80 years old)< 12.5 kg. *3 Grip power was measured 2 times, respectively, on the right and the left hand, and average grip power was calculated using the higher value of the right and left hand. *4 Deteriolation in 2-step test +: 2-step score; male (≤ 79 years old)< 0.98, (≥ 80 years old)< 0.86, female (≤ 79 years old)< 0.9, (≥ 80 years old)< 0.73 kg. *5 2-step score = maximum 2-step (m) / height (m). Maximum 2-step score is the highest that measures. *6 Weight reduction +: Weight reduction is 5% loss or more than weight of 1 year ago. *7 Weight reduction score (kg) = weight of 1 year ago (kg) -weight at home visit (kg). *8 Poor endurance and exhaustion: responses to two items "doing anything is bothersome" and "unable to concentrate on anything", of a questionnaire. Respondents who answered "more than once or twice a week' were defined as "having exhaustion". *9 Low activity +: Respondents who answered that they perform leisure activities less than once a week and no housework, or that they perform housework, but almost no leisure activities, or that they almost never perform either, leisure activities or housework were defined as "having reduced activity level". *10 Mental frailty +: mental frailty was determined based on the mental frailty factors set out in the TFI: reduced cognitive function, depressive tendency, and poor stress coping mechanisms. Individuals fulfilling to 2 of the following 3 were determined as "having mental frailty". *11 Cognitive impairment +: Individuals with 25 or less out of 30 points of MoCA-J were defined as "having reduced cognitive function". *12 Depression +: A score of 6 points or higher of GDS-J was defined as "having depressive tendency". *13 Poor stress coping +: individuals who did not achieve the median value of the total score (12 points/14 points) were defined as having "poor stress coping mechanisms". *14 Social frailty +: living alone and social support. Individuals to whom to either of the following 2 of items were applicable were defined as "having social frailty". *15 Isolation +: The score range was 0 to 30 and a score of less than 12 of LSNS-6-J was determined as social isolation. *16 Overall frailty +: If the individual subscribed to any aspect of physical, mental, or social frailty, then that person was deemed to "have overall frailty". *17 TFI frailty +: The total score was calculated by allocating 1 point for each corresponding item based on the TFI criteria, and a person with a score of 6 or more was defined as "having TFI frailty". *18 The total score was calculated by allocating 1 point for each corresponding item based on the TFI criteria.
confirmed with their signature on the consent form. This study was implemented after receiving approval from the ethics committee of the Graduate School of Medicine and Faculty of Medicine, Kyoto University and Kyoto University Hospital doctors (Approval No. R0574).
Results
Subject characteristics
The characteristics of the housebound group (n = 47; men; n = 21, women; n = 26) and the non-housebound group (n = 47; men; n = 21, women; n = 26) are shown in Table 1 . Of the 97 subjects who participated in the home visit survey, 94 (96.9%) were included in the analysis (3 who withdrew midway were excluded).
The total score for the basic checklist was higher for the housebound than the non-housebound group, and there were few people participating in horizontal organizations.
Frailty-related characteristics of the housebound and nonhousebound groups
The frailty-related characteristics of the housebound and non-housebound groups are shown in Table 2 .
1) Overall frailty
There were no significant differences between the housebound and non-housebound groups for people with frailty.
1-1) Physical frailty: There were no significant differences between the housebound and non-housebound with regard to physical frailty. However, the non-housebound group scored significantly higher in the subitem of grip strength. 1-2) Mental frailty: There were no significant differences between the housebound and non-housebound groups for people with mental frailty. 1-3) Social frailty: There were no significant differences between the housebound and non-housebound groups for people with social frailty. 2) TFI frailty There were 18 (38.3%) and 13 subjects (27.7%), respectively, in the housebound and non-housebound groups with TFI frailty; their mean scores for TFI frailty were 4.7 ± 2.3 points and 3.6 ± 2.1 points respectively, indicating a significant difference. Table 3 shows each item on the basic checklist that is applicable to the groups with and without frailty in the housebound group. 1) Overall frailty Many people without total frailty visited friends' homes, discussed matters with their friends and family, were not anxious about falls, obtained low scores on lifestyle, and had low scores on nutritional status and oral function.
The correlation between each item on the basic checklist and frailty in the housebound group
Many people without TFI frailty went out by themselves, visited their friends' homes, discussed matters with their friends and family, were not anxious about falls, had not experienced decreases in the number of outings over the previous year, and obtained low scores on lifestyle. 2) Physical frailty There were no significant differences between physical frail and non-physical frail persons in any items on the basic checklist for physical frailty.
3) Mental frailty
Many people without mental frailty visited their friends' homes, discussed matters with their friends and family, were not anxious about falls, and had low scores on lifestyle.
4) Social frailty
Many people without social frailty discussed matters with their friends and family, did not have increased difficulty eating hard food, looked up telephone numbers and made telephone calls, and had low scores on nutritional status and oral function. Many people with social frailty had a habit of walking for about 15 minutes.
Discussion
Correlation between being housebound and frailty
There was no difference between the housebound and non-housebound groups in the incidence of frailty, including TFI and physical, mental, and social frailty. However, the housebound group obtained a higher TFI frailty score and a lower grip strength value than did the non-housebound group. Given that reports indicate that housebound elderly women are at a higher risk of requiring nursing care 5, 24) , and that the mortality rate increases after 2 years 24) , we expected houseboundedness to correlate with frailty, but the results of this study did not support that premise.
In this study, being housebound was defined and evaluated only based on the frequency of outings. However, when we compared the applicable items on the basic checklist for the housebound elderly groups with and without TFI frailty, many subjects in the frailty group answered that the frequency of outings had decreased compared to the previous year. Previously, housebound types were classified based on the capacity for movement; however, it has been pointed out that these types have different characteristics 2) , and that a reduction in the frequency of outings is a risk factor for requiring nursing care 25) . This suggests that it is necessary to consider the continued duration of houseboundedness, as well as any changes in the frequency of outings, when evaluating whether a person is housebound. This study was conducted by medical professionals in the form of a home visit surveys, and it is estimated that people with a high level of awareness regarding about own health consented to participate in the study. Therefore, even the housebound participants in this study may have had a comparatively high level of awareness of health. Future studies must investigate these groups with stricter selection criteria for housebound elderly persons.
In this study, there were differences between the housebound and non-housebound groups in the TFI frailty score and grip strength. In a previous study 26) , many people with low grip strength had difficulties with daily walking and going up and down stairs, and many had experienced falls. In addition, these individuals were reported to have reduced ability for physical activity. Moreover, people with reduced grip strength were predicted to not only have reduced grip strength, but also an overall reduction in muscle strength and reduced ability for physical activity. Given the differences observed in these two indicators, we estimated that housebound elderly persons had reduced muscle strength and ability for physical activity, compared to non-housebound elderly persons; these could likely result in frailty.
In the analysis of applicable items on the basic checklist for the housebound group, many people in the group with social frailty had scored poorly on nutritional status and oral function. Previous studies have also reported that malnutrition in elderly; community-dwelling persons are related to social isolation 27) ; the current study results suggest the same for housebound elderly persons.
A significant difference was also observed in the lifestyle scores of the groups with frailty and TFI frailty and the groups without frailty and TFI frailty, which suggests that people who manifest frailty have lower levels of lifestyle function. When compared to people without frailty, many more people who manifested frailty subscribed life function items on the basic checklist, including: visiting friends' homes and discussing matters with friends and family. Based on a previous study 28) , informal interaction with others, such as telephoning friends and talking to family members, inhibits depression. This was also reflected in the results of this study on housebound elderly persons. This suggests that personal contact with friends and family affects the health of housebound elderly persons who seldom leave the house.
Furthermore, the incidence of frailty was low in people without anxiety regarding falls. Past reports have shown that frailty is a risk factor for falls 29) , and that anxiety over falling causes mild dementia 30) and reduces ADL and social participation 31) . Falls are considered to be a factor in the frailty cycle 32) that eventually reduces a person's activity level, and it is a continuous chain leading to frailty. Based on the results of this study, housebound elderly persons' anxiety regarding falls reduces their living activities and cognitive function, as well as social participation, which then leads to overall frailty.
Many housebound elderly persons had few opportunities to interact with the world outside their homes, which suggests that it is difficult to ascertain the actual situation of elderly persons who require not only medical interven-tion, but also intervention for their situation. However, the incidence of frailty was significantly high in people with high scores on lifestyle function on the basic checklist; this suggests that it may be easy to identify those manifesting frailty among housebound elderly persons, using the basic checklist.
Limitations of this study
One of the limitations of this study was that it was crosssectional; so, a causal association was not determined. Since factors involved in houseboundedness, details regarding the frequency of outings, the duration of houseboundedness, and environmental/seasonal conditions were not ascertained, housebound elderly persons could not be strictly identified and the housebound group may have included people with different characteristics. Conducting a detailed investigation of this group, including the background factors to becoming housebound, may enable a more accurate understanding of the situation, as well as clarification of the related factors.
Conclusion
This study found no correlation between elderly people being housebound and with physical, mental, social, and overall frailty. However, non-housebound elderly persons obtained lower TFI frailty score and higher grip strength value, compared to housebound elderly persons. This suggests that being housebound may lead to frailty. On the other hand, individual interaction with family and friends and a lack of anxiety regarding falls ostensibly correlate with the prevention of frailty in housebound elderly persons. The results of the study also suggest that the basic checklist may be effective for ascertaining the actual situation of housebound elderly persons who may be manifesting frailty.
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